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Abstract 
This paper employs a novel approach which is based on genetic algorithm (GA) and social network analysis to 
grouping partners for cooperative learning in the classroom. A social network analysis tool, i.e., sociometry, is used 
to measure social status of students. Subsequently, GA is used to optimize the grouping subject to the constraints of 
heterogeneous grades, social status, and gender in different levels. The results from GA are illustrated in the 
sociogram generated by a sociometry tool. Results show that the proposed approach can optimize the grouping well. 
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1. Introduction 
To enhance the learning performance of students, teachers need to employ techniques that can 
effectively help students in the classroom. Among useful techniques, cooperative learning [1-7] is one of 
the most popular ones. Cooperative learning is an approach to organizing classroom activities into 
academic and social learning experiences. The positive outcomes include: academic gains, improved race 
relations and increased personal and social development [1]. Tsay and Brady reported that students who 
fully participated in group activities, exhibited collaborative behaviours, provided constructive feedback 
and cooperated with their group had a higher likelihood of receiving higher test scores and course grades 
at the end of the semester [2]. In addition, cooperative learning is an active pedagogy that fosters higher 
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academic achievement [2]. Consequently, to enhance learning performance of students, cooperative 
learning can be well utilized.  
In implementing cooperative learning, one of the critical processes is organizing groups. When 
organizing groups, the most popular methods include random grouping, selected-by-teacher, and selected-
by-students-themselves [7]. Each method shows its pros and cons. A common disadvantage for the above 
methods is that they cannot find global optimization solutions. To get the global optimization grouping, 
one can make use of the relational network of the students. A typical network is illustrated in Fig. 1. As 
we can see from the figure, the network is so complicated that it is hard to find best grouping by intuition. 
Thus, an effective approach is needed. 
 
Fig. 1. A schematic diagram of relational network. 
Many other factors may influence the success of cooperative learning. One important factor that has 
been advocated is heterogeneous grouping. Previous studies suggest that the most effective cooperative 
work groups include a mixture of students in terms of ability, gender, and ethnic background [5, 7].  
As the number of students and groups become large, the grouping becomes a complex problem. 
Moreover, if some constraints are imposed, it is very hard to solve this kind of problems. A method that 
can obtain an optimal solution but takes lots of computation time seems to be impractical. Instead, 
algorithms that can find feasible solutions in shorter computation time are more suitable. Among the best 
suitable algorithms is the genetic algorithm (GA) [8-16], which has been successfully applied to many 
complex problems.  
In this paper, we employ a novel approach that can find hidden information behind students. In 
addition, the grouping can be generated heterogeneously. Firstly, students’ preferences are collected by an 
index system where a one stands for the first choice, two for the second choice, and so on up to a pre-
assigned maximum number of preferences. Then the data are aggregated and a combined sociometry [17-
18] and genetic algorithm approach is used to organize groups. 
The rest of this paper is organized as follows. In Section 2, the grouping problem is briefly introduced. 
In Section 3, the problem is described and the analysis is presented. Results and discussion are presented 
in Section 4. Finally, conclusions are drawn in Section 5. 
2. The Grouping Problem 
The grouping problem is to optimally assign s students to g groups with n students in each group. Let S 
= {1, 2, …, s} be a set of students, G = {1, 2, …, g} be a set of groups, P = {1, 2, …, n-1} be a set of a 
student’s group-mates , C = {1, 2, …, c} be a set of choices, Q = {1, 2, …, nq} be a set of grade levels, R 
= {1, 2, …, nr} be a set of social status levels, and T = {1, 2, …, nt} be a set of genders. Students can list a 
number of preferred classmates with whom they would like to learn cooperatively by an index system that 
a “1” stands for the first choice, “2” for the second choice, and the like, up to a pre-assigned maximum 
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integer value, c. For i  S, k  P, define cik as the preference given by student i to being grouped with 
his/her partner k. If partner k is the first choice of student i, cik  is equal to 1, the second choice, cik  is equal 
to 2, and the like. If student i has not selected his/her partner k in the list of preferences, then cik is 
assigned a relatively large penalty value B. Similarly, cki is defined. The mathematical formulation, hence, 
can be expressed as:  
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 and ziq, zir, and zit are 1 if student i belongs to grade level q, social status level r, or gender t, respectively. 
The objective is to minimize the total scoring value, as shown in Eq. (1). As for the scoring function f(.), a 
popular function used is the squared function [16]. Eq. (2) requires that each student is assigned exactly 
one group. Eq. (3) ensures that one group has n students. 
3. The Approach 
A questionnaire is designed to collect the preferences of the students. After aggregating the preferences, a 
sociometric tool is employed to draw the sociogram and find the social indices. If the remainder of s/n = a 
≠ 0, n-a dummy students will be added and n will be changed to n+1 per group. Otherwise, GA is directly 
employed to solve the grouping problem.  
In this paper, we employ one of the most popular social network analysis tools, sociometry, to measure 
the social status of students. Sociometry was developed by Moreno in 1934. It is a quantitative approach 
for measuring social relationships [18]. Sociometric explorations disclose the hidden structures behind 
group members such as the alliances, the subgroups, the hidden beliefs, and more. One of Moreno's 
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contributions to sociometry was the development of the sociogram. It is a systematic method that 
graphically represents individuals as points/nodes and the relationships between them as lines/arcs [17]. A 
mutual choice (MC) refers to the situation that individuals choose each other. One-way choice refers to 
individuals who choose someone but the choice is not reciprocated.  
Some indices are often used to indicate the social status of individuals. Among the most popular 
indices, the ISSS (Index of Sociometric Status Score) is employed in this study. To consider the mutual 
choices between members, ISSS is defined as [8]: 
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where NTC, NTR, NMC and NMR represent the numbers of total choices by others, the total rejects by others, 
mutual choices, and mutual rejections, respectively. c is the allowed maximum number of choices that a 
student can make. The value of      is in the range [-1, 1].  A higher value of      indicates that a 
student is more popular within a group. 
The encoding of a chromosome is illustrated in Fig. 2. Since there are s students, the number of genes 
is equal to s. Each gene is assigned a number which stands for a student. As illustrated in Fig. 2, the 
values of the genes are, in order, 15, 6, 2, 10,  …, and 4. If n = 3, i.e., a group has three individuals, then 
student 15, student 6, and student 2 are at the same group, and the like. 
 
15 6 2 10 3 7 11 23 … 4 
Fig. 2. Representation of chromosome. 
The initial solutions are generated using the random method. The Roulette wheel method [11-12] is 
employed to select fitter individuals. In addition, the swap method is employed to mutate. Two genes are 
randomly selected and their values are changed each other. The swap method has the advantage of no 
duplicated values. Since a student is assigned exactly one group, the values in the genes should be 
different. A simple elitism strategy is employed to preserve the best chromosome in every generation. The 
best chromosome of each generation is duplicated to the next generation. This strategy assures that the 
best chromosome of each generation will be at least equal to the best chromosome of the previous 
generation.  
The termination condition in this paper is the generation number defined by the user. The calculation 
will repeat until the number of generation reaches the pre-assigned value. Once the termination condition 
is satisfied the solution is displayed.  
4.  Results and Discussion 
The grouping program was developed using Microsoft Visual Basic .NET 4.0. The program was 
performed on an AMD Turion 64 x 2 TL-58 1.90 GHz CPU and with 1.87 GB RAM. To evaluate the 
effectiveness of the proposed approach, a real dataset from a class of undergraduate students was tested. 
The number of students is 60. Each case was tested ten trials. For multiple trials, we designate the best 
result of all trials as OPT and their average value as AVG. 
To validate the GA program, some tests were made. The results from GA were compared with those 
from branch and bound (B&B), which can obtain optimal solutions. The results show that the GA 
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program can obtain optimal solutions that are the same as those from B&B, indicating that the GA 
program is correct.  
Table 1. Comparison of results between Branch and Bound and GA (c= 6). 
s n 
B&B GA 
Fitness value Runtime (min) OPT AVG Average runtime (min) 
6 2 41 0.4 41 41 0.06 
6 3 155 0.4 155 158 0.07 
8 2 65 0.6 65 67 0.09 
8 4 592 0.6 592 593 0.10 
10 2 67 3.48 67 68 0.10 
 
The grouping result is shown in Fig. 3. A heterogeneous can be obtained effectively if the penalty 
value (B2) of violating the required constraint is set to be greatly larger than the penalty value (B1) outside 














Fig. 3.  A heterogeneous grouping result according to grade levels (B2=1,000 and B1=100). 
 
The influence of the number of choices c on the computation time and the number of partners outside 
the list of preferences is illustrated in Table 2. As the number of choices c increases, the percentage of 
grouping outside the list is decreased. As for computation time, the average runtime is about the same 
except for c = 6. The possible reason is that n = 3 and c = 6 = 2n, positively affecting computation.   
 
Table 2. The influence of the number of choices on the computation time and choices outside the list of preferences ( n = 3, 
B2=1,000 and B1=100). 
c Average runtime (min) Outside the list of preferences (%) 
5 29.27 78% 
6 25.37 72% 
7 29.03 70% 
8 28.16 66% 
9 28.05 60% 
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5. Conclusions 
In this paper we have employed a novel approach which is based on genetic algorithm (GA) and social 
network analysis to grouping partners for cooperative learning in the classroom. The sociometry is used 
to measure social status of students. Afterwards, GA is used to optimize the grouping subject to some 
constraints including heterogeneous grades, social status, and gender in different levels. The results from 
GA are illustrated in the sociogram generated by a sociometry tool. Experimental results show that the 
combined approach can optimize the grouping well. Further studies are recommended to apply the 
proposed combined approach to solve other kinds of grouping problems.  
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